Densification GPS Networks must provide the precision and reliability requirements. At the same time, these networks should be able to detect the possible earth crust movements. If the total weight of observation at a point raises, the sensitivity capacity of the point increases with the same rate. However, controllability of these observations weakens relative to neighboring observations. This paradox is a fundamental design problem that it must be resolved in the evaluation phase of geodetic networks. In this study, an improvement strategy has been recommended as a solution to the design problem.
INTRODUCTION
Densification GPS Networks evaluated in different epochs allow monitoring of crustal movement in the region, updating of velocity fields and determining displacements in the network's points. Therefore, the Permanent or the Fundamental Densification GPS/GNSS Networks must provide the precision and reliability requirements. At the same time, these networks should be able to detect crustal movements with sufficient accuracy. In other words, the External Reliability and the Sensitivity criteria should have a good distribution. External reliability can be described as effects on the coordinate unknowns of the undetectable gross errors by using hypothesis testing. The minimum value of undetectable gross errors in the adjusted coordinate differences between epochs is named sensitivity level for the geodetic network. If the total weights of observations at a GPS point raises, the sensitivity capacity of this point increases with the same rate. However, reliabilities of these observations get quite weak. The reliability and the sensitivity criteria are two basic criteria which complete each other. However, due to the obtained GPS observations with different accuracy in the different epochs, these criteria affect each other in through the opposite direction. For this reason, both the external reliability values and the sensitivity levels should be obtained in good level. This paradox is an important design matter for the geodetic networks. The solution of the matter is the main idea of the study. For this purpose, an optimization strategy is recommended in this study. This strategy is applied to a real densification test network called IZDOGAP GPS Network (Fig. 1 ).
OPTIMIZATION STRATEGY
The location of any measurement in the observation plan and its precision directly affect the controllability of the observation. Therefore, it is necessary that an observation must control with neighboring observations on an equal level. Nevertheless, in the Densification GPS Networks, the total weight of observations at a station point is not always obtained on an equal level for each epoch [1] . If total weight of observations at a station point is higher, sensitivity level of the point also gets better. However, controllability and external reliability values of mentioned observations get weak. In other words, the good sensitivity level does not guarantee the appropriate reliability distribution in every time [2] . This situation is an important design matter. The optimization strategy is recommended to resolve the basic design problem. The main purpose of this study is to obtain an optimal sensitivity and external reliability distribution in networks for monitoring crustal movements. a. The Creation of the Design Matrix: An appropriate observation plan is designed. The Delaunay triangulation, expert opinion, simulation methods or the second order designed process can be used to provide the stable geometric shape or the observation plan [3] . b. Analysis of the Geometric Shape: At designed observation plan, observation weights are accepted equal (P=E) for geometric shape analysis. In each epoch, observations are evaluated with the Gauss-Markoff Model using the least squares method: is the cofactor matrix of residuals [3] . Thus, the strong and weak properties of the geometric shape are reviewed. In a sufficient level designed Geodetic Network, external reliability levels ( i δ 0 ) remain between 6-10 units. To obtain a sufficient network, either the other network designs or the optimization methods could be experimented by return to the first step. For this aim, an analytical approximation, namely second order design problems, should be proposed for the optimal observation plan and optimal dispersion of their reliabilities. However, the primary subject of the study is not the development of any second order design [4, 5, 6] . . The difference vector between the adjusted coordinates obtained from 0 t and 1 t epochs can be described as: (4) this equation can be written for a single GPS station (i) as: 5) and then according to the law of variance-covariance propagation, the cofactor matrix of the displacement vector at any station point is calculated separately with the following equations:
Local sensitivity level ( min d ) can be obtained separately by examining eigenvalues of the weight matrix ( 1
The epoch providing sensitivity values with possible good and homogeneous is defined as the objective function
for the other epoch [7, 3] . d. The Improvement of External Reliability Distribution: The distributions of external reliability obtained for two epochs are reviewed. A Robust Weighting method is used to reduce the impact of poor controllability observations. The weights of the observations exceeding the threshold value (c) are reduced by using a proper robust weighting process and then a controllable external reliability distribution is obtained. In each GPS baseline, robust weight function ) ( The cofactor matrix of observations is reweighted as:
The observation plan, which provides the best sensitivity option from both epochs, is confirmed as the objective function for sensitivity improvements and a posteriori sensitivity analysis. e. The Improvement of the representing the network is determined for scale coefficients. The improvement has been applied for the observations only exceeding the threshold value. The observation weights are rescaled using with the scaling coefficient. The network option, which provides objective function determined, should fulfill precision requests in homogeneous and isotropic structure. Thus, in the end of the evaluation processes of the first two epochs, these requests are maintained. f. A Posteriori Sensitivity Analysis: Improved network results for first two epochs are combined and evaluated as a multivariate network. In this evaluation process, an optimal distribution is reached for the posteriori sensitivity values (Fig. 2 , Table 2 ). The velocity vector for the multivariate networks is written as:
the cofactor matrix of the velocity vector can be obtained with the following equations:
and the weight matrix of each station point is computed as:
The success rates of the results obtained are reviewed and compared with results obtained from the original experimental data. Finally, in this improvement strategy, the sensitivity values of network option approved as the objective function must be used as the basic criterion.
NUMERICAL APLICATION
In this study, an observation plan designed for a real densification GPS Network is used. At the same time this network has supported to a scientific research project. The network having 106 GPS stations located at Kocaeli/Turkey was established to monitor crustal movement effects and to control gas pipelines. The network called as Kocaeli IZDOGAP GPS Network surrounds the Izmit-Sapanca fault which is west part of the North Anatolian Fault Zone. The north part of the fault is located in the Eurasian Plate and the south part of the fault is located in the Anatolian Plate. In the network area, Kocaeli/Gölcük Earthquake having 7.4 magnitudes has occurred in 1999. The south part of the GPS network has movement of approximately 1-2 cm per year from east to west direction. The network has been measured and evaluated, in 2009 and 2010 respectively. Before the improvement process, IZDOGAP Densification GPS Network is reviewed in terms of geometric shape and level of a priori sensitivity. When the network observations is evaluated under the P=E condition, it is seen that both epochs are controlled on equivalent levels according to priori sensitivity and geometric shape. It is proved that the observation plan and the geometrical shape determined with optimization process are quite strong. When the a priori sensitivity and the external reliability distributions are analyzed, it is observed that the sensitivity difference between two epochs in 73 point and the external reliability differences between two epochs in 43-47, 41-105 and 60-40 base lines are much. Similar behaviors can be seen in other parts of the network too ( Fig. 2a and 2b) . A selected area which is restricted with only around 47 and 73 points will be sufficient to present the contributions of recommended strategy (Fig. 1) . Fig. 2c and 2d ). and stable structure. Therefore, it is recommended that the threshold value is 10 for the sensitivity improvement (Table 1) .
CONCLUSIONS and RECOMMENDATIONS
It is expected that each epoch of GPS/GNSS networks has the homogeneous and isotropic distributions in terms of both the external reliability and the sensitivity. For this reason, the external reliabilities and the sensitivities should be reviewed once more in each epoch of these networks. The base lines having divergence from the external reliability distributions should be improved in each epoch. Furthermore, if there are any network points which disrupt the sensitivity distribution, total precision of the observations in these points should be made similar to other network points. According to the results obtained from improved İZDOGAP GPS Network;  Locations of problematic observations and stations can be estimated in each epoch and then the sensitivity distribution can be developed by using the improvement strategy.  Before the land work is finished in an epoch, an appropriate observing time and additional observations can be planned by using the strategy.  In most importantly, a posteriori sensitivity values with homogeneous distribution for each epoch can be guaranteed. 
